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Digital Planning on Guided
Endodontics Technology
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The aim of this review is to discuss the digital planning and the use of guided
technology in Endodontics. The complexity of the root canals anatomy and
the challenges in the microorganism's control represent risk factors for failure
after the infected root canal's treatment. Scientific improvements associated
with technological advances have enabled better predictability of therapeutic
procedures results. The development of efficient and modern devices provided
safer root canal treatments, with shorter clinical visits and greater patient
comfort. Digital endodontics incorporated different tools and developed its
own, advancing even further in resolving complex cases. The faithful copy of
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the internal anatomy provided by the advancement of CBCT devices and
software's, associated with the digital resources of 3D planning and printing,
enabled the advent of guided endodontics. This technique is used at different
stages of endodontic treatment, with specific indications and greater result
predictability. Therefore, this study critically reviewed the potential clinical
application of this guided access technique, and the operative steps for its safe
performance in managing complex endodontic cases. The main indications are
accessing calcified root canals, performing endodontic surgeries in difficult
access areas, removing fiberglass posts, and accessing teeth with
developmental anomalies. In summary, guided endodontics has been a precise
strategy, effective, safe, and clinically applicable. This procedure represents
incorporating technological resources and digital planning in the Endodontist
clinical practice, increasing predictability to complex cases.
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Introduction

The root canal's anatomy complexity represents one of the eminent challenges facing
endodontists in clinical practice (1-3). Parallel to this aspect, the maintenance of microorganisms after
root canal treatment constitutes the main cause of failure. In this sense, scientific improvements
associated with technological advances have better predictability of therapeutic procedures results (4).

The technological revolution has been a constant in the health area, with fast advances and
geometric progression. The development of efficient and modern devices provided safer root canal
treatments, with shorter visits and greater patient comfort. Safety in automated root canal
instrumentation with nickel-titanium files (5-7), precision in determining the working length with
electronic apex locators (8), the versatility of the ultrasonic device in various clinical stages (9), the better
visualization of the operative field with magnification (10) and the most accurate diagnoses with the
use of cone-beam computed tomography (CBCT) (11-13) highlight some of these technological advances
that have boosted endodontics and increased the quality perspective of results.

These devices do not reduce the endodontist's responsibility, competence, and skill in clinical
management. The conjunction between current scientific knowledge and the development of clinical
skills is essential for more accurate diagnoses, more assertive behavior, and better prognoses.
Professionals must employ the best tools available, be open to developments in their area of expertise,
and not be tied to obsolete techniques or materials. Incorporating new technologies in clinical practice
may lead to greater predictability and safety treatments (12, 14).

Digital dentistry has become a reality of clinical procedures and has been widely explored by oral
rehabilitation, implantology, orthodontics, oral surgery, among others (15). The possibility of faithfully
copying the dental or facial anatomy and transferring this model to the virtual environment stimulated
a new moment, the era of digital planning. The development of specific software for this purpose made
it possible to virtually plan the clinical stages, evaluating possible errors or accurately predicting the
amount of wear in tooth preparation, direction, and length of an implant, tooth movement pattern, etc.
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Thus, treatment by trial and operative procedures error may be avoided, and it is planned more efficiently
and with less clinical time with the patient.

Digital endodontics incorporated different tools and developed its own, further advancing in
resolving complex cases (16). The faithful copy of the internal anatomy provided by the advancement of
CBCT devices and software’s, associated with the digital resources of 3D planning and printing, enabled
the advent of guided endodontics. This technique is used at different stages of root canal treatment,
with specific indications and greater results predictability. Therefore, this study critically reviewed the
potential of guided endodontics application and managing complex endodontic cases. Based on this
perspective, the essential clinical factors for the digital planning of endodontic guide technology will be
addressed.

Guided Endodontics Technology

Digital Resources in Endodontics

Cone-beam computed tomography (CBCT) is the basis of digital planning in Endodontics.
Endodontics bases its planning on information obtained from meticulous navigation through CBCT
images, which provide details of the internal anatomy of the teeth and adjacent structures. On the other
hand, digital planning applied to oral rehabilitation is primarily based on the images obtained by
intraoral scanners, which copy the external surface of teeth and adjacent periodontal tissues. The
structures of interest for endodontics have tiny dimensions, representing a significant challenge for the
endodontist in detecting root ramifications, fractures, perforations and determining different levels of
obliteration and thickness of root canal walls. This complex condition in visualizing the endodontic
microanatomy requires high-resolution imaging exams (13).

The CBCT image's quality is determined by the characteristics of the tomograph (the device),
acquisition settings, patient stability and by the software for acquiring and running the images. In
diagnosing endodontic microanatomy, it is more important to prioritize image acquisition using high-
resolution CT scanners with a better focal point than the equipment capable of acquiring large volumes
and recording larger areas. The quantity and density of materials present in the patient's mouth can also
influence image quality, as dense materials can produce artifacts that overlay essential details. This
inconvenience caused by artifacts can be minimized by using advanced image software. Software such
as e-Vol DX (CDT Software, Sdo José dos Campos, Brazil) can receive the standard image acquisition file
generated by most CT scanners, DICOM (Digital Imaging and Communications in Medicine), and apply
artifact reduction filters (BAR - Blooming Artifact Reduction), filters for the expansion of root canal
images while preserving the details (ACI - Accessory Canal Identification/Navigation); in addition to 3D
reconstruction techniques capable of generating photorealistic images (Cinematic Rendering). These
tools that increase the quality of the CBCT image improve the diagnostic capacity and consequently
positively impact clinical decision-making (11, 14).

Digital planning software was also fundamental for advancing digital endodontics towards
developing guides applied to our area. Digital planning software imports DICOM files from CBCT exams
and uses them as parameters to outline guides with computer-aided design (CAD - Computer-Aided
Design) tools. In modeling the guides, current digital planning software needs to synchronize the DICOM
file with the digital file of a model of the patient's arch in STL (Standard Tesselation Language) format.
The digital model is obtained with intraoral scanning equipment (15).

The 3D printing technology (Stereolithography technique) allows the production of endodontic
guides. The three-dimensional design of the guide developed by the digital planning software is also
exported in STL format. Before 3D printing, the planned STL needs to be prepared to transform the
guide's STL file into a sequence of numerous layers or slices. The smaller the thickness of the slices, the
greater the reliability of the printed guide; on the other hand, the more time will be spent in the printing
process. Currently, endodontic guides are printed in light-curing liquid resin with direct light processing
technology (DLP - Direct Light Processing) due to the better cost-benefit ratio (17).

Guided Endodontics Indications

Guided endodontics has been indicated in different clinical situations (Figure 1). A better
understanding of its characteristics and the exploration of digital resources in endodontics provided
greater clinical applicability. Indications should not be interpreted as a specific convenience resource
and facilitator for professionals with less clinical experience and/or who do not use the appropriate
technology for complex endodontic treatments but rather as an additional tool to the endodontist's
arsenal (18).
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Figure 1 - CBCT images of a clinical case with an indication for Guided
Endodontics (A). The patient had a clinical diagnosis of mobility of the crown of
tooth 11 and fracture of the fiberglass intraradicular post. The axial view at the
apical third (B) reveals an obliteration aspect of the root canal. The sagittal (C-
E) and coronal (F) views show the longitudinal extension of the fiberglass post
up to the middle third of the root and the absence of a root canal in the middle
and cervical thirds.

The initial indication of guided access is related to calcified canals (19-21). Root canal obliteration
may reach only the cervical third of the root or extend to the middle or apical third. The cause may be
associated with several factors, such as a consequence of traumatic dental injury, after orthodontic
treatment, response to pulp injuries such as caries or restorative materials, or even in elderly patients
(22). In these cases, root canal treatment becomes necessary when calcification is related to periapical
pathologies (16, 19, 20).

Coronary access represents the most challenging operative step in a calcified tooth, making it
difficult to maintain the correct trepanation direction when it extends mainly to the middle and apical
thirds. Even for experienced endodontists, it can result in deviations or perforations, increasing the
chances of failure (16). In this sense, using the guided technique provides greater safety, greater
predictability, less volume of dental tissue removed, and shorter clinical time with the patient (23-25).

Guided endodontics has also been indicated in cases of endodontic surgery (26-28). A guide for
surgical access is necessary, with less removal of bone tissue and better location of the lesion region and
dental apex (27, 28). Furthermore, these guided procedures reduce the risk of trans and post-surgical
complications, such as bleeding or damage to neighboring anatomical structures. In addition to these
factors, it leads to a shorter healing time and a better prognosis (26, 27).

Challenging cases related to surgical access and proximity to noble anatomical structures can be
better performed using prototype guides. Benjamin et al. (28) reported 3 cases with surgical guides used
in a targeted endodontic microsurgery approach, illustrating the diagnostic value of CBCT imaging for
detecting neurovascular bundles and the use of the guides to mitigate the risk of injury to these
important structures. Giacomo et al. (29) demonstrated the use of guided access in surgeries related to
the palatal root of maxillary second molar, fused roots of a maxillary first molar, and a mandibular
second premolar with apical proximity to the mental foramen. In all reported cases, guides promoted an
accurate osteotomy and apicectomy related to angulation, diameter, and extension.

The use of fiberglass posts in oral rehabilitation has become a reality in recent years. However,
when necessary, its removal represents a great challenge for dentists and may lead to root deviations or
perforations, propagation of cracks, or even fractures (30). Thus, virtual planning and printing of guides
have contributed to greater safety in this procedure and reduced clinical time, bringing greater patient
comfort and reducing professional stress (30-33).

Experienced endodontists use various resources for removing fiberglass posts, such as operative
microscopy and ultrasonic. However, a recent study (34) that evaluated dentin loss and deviations in the
root canal path compared guided access with magnification and ultrasonic resources showed favorable
results for the guided technique. A smaller amount of worn dentin was observed, with less deviation
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from the original path, and less operative time in guided endodontics, which resulted in greater
predictability of the procedure.

Access in teeth with developmental anomalies has also been one of the indications for using
endodontic guides (35-37). Dental malformations, such as dens invaginatus, can represent a
complicating issue when endodontic treatment is required. Thus, the association of a correct diagnosis
of the pulpal/periapical condition with three-dimensional imaging exams leads to more assertive
treatments. However, these anomalies make proper access difficult, increasing the possibility of excessive
tooth wear, error in the entry direction, or even root perforations. In this sense, guided access has been
a viable and predictable alternative.

An important topic to be raised refers to teeth with cracks, root fractures or resorptions. For
accurate planning, a CBCT with high spatial resolution must be carefully analyzed by a well-trained
professional, tracking the tooth thoroughly to verify the viability of the tooth for the application of the
guided technique.

Planning and Digital Flow of Guided Endodontics

The guided endodontics technique can be divided into:

1 - A laboratory phase for production of the endodontic guide, in which most processes are
performed in the absence of the patient, with the aid of digital tools;

2 - A clinical phase of application of the guide in operative procedures.

The Digital Flow of Guided Endodontics follows the same sequence of processes performed in the
Digital Flow of Implantology for guided surgical procedures in implant installation. Once the indication
for the use of an endodontic guide is stated, the professional must check if the patient has both the
CBCT exam in the region of interest and the patient's arch model in digital format. Since the Digital Flow
starts with the acquisition of DICOM and STL files, and if the patient has performed this acquisition
recently, without further dental interventions that may have changed the internal dental anatomy or
the surface of the oral tissues (teeth/periodontium), these files can be assessed. If the patient does not
have them or has any of these files in poor quality, a new request must be made. The DICOM file will be
obtained by requesting the CBCT exam, and the STL file will be obtained by scanning the intraoral arch
of the patient.

After acquiring the DICOM and STL files, the planning of the endodontic guide is carried out by
Digital Planning Centers (Planning Centers) or trained professionals, using specific software for planning
surgical guides. These planning tools were developed to guide the installation of implants and not wear
and tear on the internal part of the tooth. Therefore, sometimes, the Guided Endodontics technique may
be contraindicated during the planning phase due to the scarcity of resources applied to the reduced
dimensions of the Endodontics area of operation. In addition to the dimensions of wear length and
diameter, the direction and region to be worn by the drill must be carefully planned. Trajectories that
promote wear of critical anatomical structures for tooth longevity, such as incisal edge, enamel bridges,
and cusp tips, should be avoided. Once the wear length and trajectory planning have been defined, it is
essential to estimate the thickness of tooth tissue after the guided procedure has been performed. Plans
should not project wear at a distance of less than 1 mm from the root surface in contact with the
periodontal ligament to avoid perforation accidents. Although guided wear is predictable, it is considered
an average of deviations of up to 0.4 mm at the end of the drill in guided wear to the apical third of the
root (38). Deviations are minimized by rigorous planning and guide printing. The more adapted the
occlusal surface of the teeth, the greater the stability of the guide and the lesser the risk of deviation
during the wearing procedure. Inspection windows are planned in different parts of the guide to verify
adaptation in the operative phase.

Clinical situations unfavorable to the stability of the guides require the planning of resources that
limit their mobility. For example, guides supported by a reduced number of teeth or the absence of teeth
adjacent to the region of the guided procedure are unfavorable factors for its stability. In these
situations, we must plan the stabilization of the guide with fixation pins. The use of metal rings is also a
feature that helps in the stability of guided wear. According to the planned path, the metal ring can
restrict the drill's movement in a linear direction in the crown/apex direction.

Once the endodontic guide project is completed, a detailed Virtual Planning Report must be sent
to the dentist responsible for the case, for analysis and approval. Only after approval, the STL file of the
guide design is sent for 3D printing. Finally, endodontic guides are printed on resins that can be
autoclaved.
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Clinical operative steps

To be successful in guided endodontic accesses, it is essential that all previous laboratory steps
have been fulfilled. Furthermore, according to the topics discussed above, the technological resources
for the diagnosis and planning of the digital flow are of fundamental importance to provide a correct
indication of the use of guides, as well as the materialization of this resource. Therefore, in this topic,
the approach will be step-by-step to facilitate understanding, what the clinician must establish from the
arrival of the printed guide to the guided access through a clinical case of root canal obliteration with
previous nonsuccess access associated with apical periodontitis (Figure 2A-C).

Figure 2 - Initial clinical appearance: frontal view (A) and occlusal view
(B) of the maxillary central incisors. Tooth 11 has a darkening of the entire
coronary structure and glass-ionomer cement restoration in the center of
the palatal surface. CBCT images: coronal (C1) and sagittal (C2) sections
show canal calcification of tooth 11 and the incorrect course of the first
attempt at endodontic access, starting at the center of the palatal surface
and towards the buccal surface. In D1 and D2, the access path outlined by
the digital planning can be seen. Endodontic Guide: (E) occlusal view
shows support base from tooth 16 to tooth 25, and a stabilization bar
connecting teeth 15 and 25, (F) shows metallic ring installed in the access
guide and inspection windows for verification of guide adaptation.

Endodontic guides are designed and printed in digital planning centers and delivered to the
clinician ready to use. However, in addition to participating in the guide planning, the Endodontist is
responsible for checking various aspects that may interfere with the final result of the treatment (Figure
2D). A virtual planning report is sent by the Planning Centers with information about the intraoral scan,
the drill trajectory, guide length on adjacent teeth, and also about the presence and position of visual
inspection windows. Thus, possible distortions or failures in printing the guide should be verified through
the final report, such as incorrect positioning of the visual inspection windows, presence or absence of
a metal ring, and the extension and support of the guide different from what was planned.
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After confirming the quality of the printed guide (Figure 2E), the tests are carried out in the mouth
to verify its perfect adaptation and stability (Figure 2F). As discussed in the Planning and digital flow for
Guided Endodontics, planning can be carried out for guides with support only on adjacent teeth or
guides with support on adjacent teeth and fixed in bone (16, 19, 21). However, regardless of the choice
of fixation on bone or not, the visual inspection windows are an essential indicator of the perfect
adaptation of the guide (Figure 2F). They indicate that the planning and printing were carried out
correctly.

Currently, Endodontics uses instruments and software for planning guided surgery for implant
dentistry and, therefore, the drill used for the vast majority of guided approaches is 1.3mm in diameter
(Neodent, Curitiba, Brazil). Unfortunately, this drill does not have cutting power in enamel. Therefore, it
is necessary to perform slight prior wear with diamond drills in the enamel region so that the implant
drill works primarily on dentin. Then, a marking is made with the guide already positioned to carry out
the initial wear, seeking the point of choice.

Following operative stages, the next step is to perform the guided endodontic approach (Figure
3A-C). For this, an electric motor in continuous rotation with a speed set at 800 RPM and a torque of
4.0 Nem is required. After re-verifying the perfect position of the guide, it must be stabilized with manual
support and constant irrigation. Finally, the drill must go in until it taps the ring’s base, which is the
depth reference, and it must go through until reaching the planned point.

Figure 3 - Endodontic Access: Front view (A) - Endodontic guide and drill
in position, under irrigation with saline solution; Occlusal view (B) -
verification of initial wear following virtual planning. Endodontic
Treatment: (C) Endodontic access final aspect in occlusal view, (D) Frontal
view with X5-Protaper Next file in root canal position, (E) occlusal view
of the obturated canal. Imaging examinations: (F) radiograph with a file
at the working length after root canal preparation, (G) periapical
radiograph of the filled canal and the restored tooth; and axial (H) and
coronal (I) sections after obturation and final coronary restoration in
cone-beam computed tomography exams.

The irrigation process must be continuous and carried out towards the inside of the guide. At each
advancement of 3mm, the path's interior is created, and the end of the drill is washed, removing all the
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excess of adhered dentin. As soon as the drill touches the ring base, the guided access is completed, and
the next step should be taken, which is the mapping and location of the calcified canal with small-
caliber files.

In the clinical case in question, absolute isolation was performed, and access to the calcified root
canal was reached with a K-file n.10 file (Dentsply/Maillefer, Ballaigues, Switzerland). Then, the root
canal treatment was carried out following the entire protocol of root canal preparation, enhancement
of the irrigating solution, use of intracanal medication based on calcium hydroxide paste, and
subsequently filled and restored with composite resin (Figure 3D-1). After the case report conclusion, a
new CBCT acquisition was performed, which showed the correct path of the drill in the guided
endodontic access, without excessive wear and deviation, which provided free access to the root canal
(Figure 4). This illustrative clinical case aimed to demonstrate the application protocol and the accuracy
of Guided Endodontics in solving calcified canals, providing greater safety to the operator.

Figure 4 - CBCT images before (A, B) and after (C, D) the guided access.

Discussion

Guided Endodontics is a technique in constant evolution, reflecting the fast change that modern
endodontics is witnessing. Technological advances provide tools that are increasingly more adequate and
precise for Endodontics, evolving towards a more accurate technique with lower cost and greater reach
to the clinician. Even so, it has limitations, and these must be evaluated before planning and executing
it.

The complex anatomy of root canals, despite involving the main indications for guided planning,
may also represent some limitations of the technique. Guided access is only possible in the straight region
of the root canal and becomes imprecise in curvature areas. In this sense, the planning must be evaluated
well, directing the wear and the drills only to the straight portion and avoiding bending. Another aspect
related to dental anatomy refers to the root diameter. The different root configurations (3) in the various
dental groups may reflect in roots with minimal thickness in the mesiodistal andfor buccolingual
direction, making the use of burs in this region incompatible (e.g., lower incisors or mesiobuccal roots of
the upper molars).

Other limitations can be added (39-43). Patients with restricted mouth opening may hinder or
even contraindicate guided access, especially in posterior teeth. CBCT exams that present image artifacts
in the region can also limit the virtual planning and accuracy of the prototype guides for the technique.

However, the evolution of the technological tools used leads to expanding its indications and
greater exploration of Digital Endodontics. A significant advance experienced in recent years refers to
CBCT images. More modern appliances, and more innovative software with a greater number of resources
(39, 40), have enabled a more faithful copy of the internal anatomy of the teeth, avoiding distortions
that lead to inaccuracy and access errors. Thus, with the elimination of image artifacts arising from high-
density materials, guided access can be efficiently planned in the vast majority of indicated cases.

In this sense, technological advances open up other possibilities, such as the reduction of operative
steps. With software capable of faithfully and accurately reconstructing anatomical structures (11)
without distortions, intraoral scanning may soon be eliminated. The 3D reconstructions will be used as
three-dimensional models of the arcade and converted into STL files. This reduction in operative steps is
advantageous to both the patient (lower cost in preparing the guide) and the professional (lesser chance
of distortions due to the elimination of steps).

Another aspect that has been evolving is also the tools used in the clinical stage of Guided
Endodontics. The adaptation of drills from Implantology characterizes a significant limitation of the
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technique, which has been overcome with the development of instruments for Endodontics. The
ultrasonic inserts developed for this purpose will represent a considerable advance in Guided
Endodontics, with even more controlled wear (due to the smaller diameters of these inserts) and the
possibility of mare efficient irrigation during its use. However, the action of the ultrasonic insert can be
restricted in guides with metal rings. Therefore, ultrasonic requires planning non-restrictive guides, with
greater relief (offset) in the space the insert passes through the guide. In addition, non-restrictive guides
require greater attention to perform the technique, allowing greater deviation from the worn path. It is
currently indicating this type of guide for the following clinical situations: teeth with fragile roots that
need a small amount of wear; or delimit osteotomy and apicectomy in endodontic surgeries.

Guided endodontics technology represents a new perspective for complex endodontic cases, which
could lead to errors in surgical procedures using the conventional technique. It is a precise, effective and
easy clinical application technique (41-44). It represents the incorporation of technological resources
and digital planning in the life of the Endodontist, giving greater predictability to cases in which it is
applied in clinical practice.

Furthermore, it requires minimal financial investment in the office since image capture
equipment, virtual planning, and guides printing are part of the arsenal of digital planning centers. In
addition, it takes a shorter number of clinical sessions, increasing patient comfort and reducing
professional stress.
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Resumo

O objetivo desta revisdo € discutir o planejamento digital e o uso da tecnologia guiada em
Endodontia. A complexidade e variabilidade da anatomia dos canais radiculares, em conjunto com o
desafio no processo de sanificacdo e controle de micro-organismos representam fatores de risco ao
fracasso apds o tratamento dos canais radiculares infectados. O aprimoramento técnico-cientifico e os
avancos tecnoldgicos tem possibilitado uma melhor previsibilidade de resultados nos procedimentos
terapéuticos. O desenvolvimento de ferramentas de trabalho eficientes e modernas proporcionou
tratamentos endoddnticos seqguros, com menor tempo clinico operacional e maior conforto ao paciente.
A endodontia digital incorporou diferentes ferramentas e desenvolveu suas proprias, avancando ainda
mais na resolucdo de casos complexos. A copia fiel da anatomia interna proporcionada pelo avanco dos
aparelhos e softwares de TCFC, associada aos recursos digitais de planejamento e impressdo 3D
possibilitaram o surgimento da endodontia guiada. Esta técnica € utilizada em diferentes etapas do
tratamento endodontico, com indicacoes especificas € maior previsibilidade de resultados. Este estudo
revisou criticamente o potencial de aplicacdo clinica da técnica de acesso guiado, € os passos operatorios
para sua realizacdo de forma segura no manejo de casos endodonticos complexos. As principais
indicacdes da Endodontia Guiada incluem o acesso a canais radiculares calcificados; as cirurgias
parendododnticas em areas de dificil acesso; a remocdo de pinos de fibra de vidro; e o0 acesso a dentes
com anomalias de desenvolvimento. Em sintese, a endodontia guiada € uma técnica precisa, eficaz e de
facil aplicacao clinica. Esta técnica representa a incorporacgdo dos recursos tecnoldgicos e planejamentos
digitais do Endodontista, dando maior previsibilidade aos casos em que € aplicada na pratica clinica.
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